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Background: Emotional disorders include emotions in children and adolescents that are not
appropriate to their age, not consistent with their cultural status. Studies have reported on the effect
of neurofeedback and TDCS are effective to improvement of emotional disorders. there was a
research gap in comparing the effect of these two on emotional disorders in children with enuresis.
Aims: the aim of this study to compare the efficacy of neurofeedback and TDCS on emotional
disorders in children with enuresis.

Methods: Research method was quasi-experimental with pre-test, post- test, three-month follow-up
with control group. The statistical population of this research was all children suffering from
nocturnal enuresis who referred to Educational consulting centers of district 5 of Tehranin 1400. The
sampling method was purposive and (considering the inclusion and exclusion criteria), 60 children
were selected, and then randomly assigned to three groups of 20 people. The research tool was
Rutter's emotional behavioral problems questionnaire (1991). neurofeedback and TDCS intervention
programs were used in the experimental groups. The control group did not receive treatment and the
data was analyzed using the statistical test of mixed analysis of variance.

Results: There is a significant difference between the average scores of pre-test, post-test and follow-
up scores of emotional disorders in the three phases of pre-test, post-test and treatment follow-up.
onsidering the average differences and the fact that the average of the neurofeedback group was
higher than the transcranial electrical stimulation group. The results of the Bonferroni test showed
that the neurofeedback method was more effective on the emotional disorders of children with
enuresis.

Conclusion: With both methods of neurofeedback & TDCS (especially neurofeedback) emotional
disorders of children with enuresis can be reduced. neurofeedback intervention is more effective in
treating to children with enuresis.
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Introduction

Behavioral emotional disorders include emotions in
children and adolescents that are not appropriate to
their age, do not agree with their cultural status, and
the moral conditions of the living environment do not
approve such behaviors. This disproportion in
behaviors and emotions affects a person's public life
and its signs can be seen in his social and personal life
(Karbalaie et al., 2023). According to many
psychologists, child specialists and health care
workers, emotional and behavioral disorders in
children play an important role in increasing physical,
psychological and social problems (Grossman et al.,
2020).

In this regard, one of the new ways to treat this
disorder is neurofeedback. Neurofeedback in an
operant conditioning process by facilitating neuronal
connections mimics pharmacological procedures in
which  stimuli  facilitate the exchange of
neurotransmitters. Also, in a relatively pure learning
model  without any punishment,  negative
reinforcement, or emotional content, it leads to client
self-reinforcement (often 2000 times or more in a 40-
minute session). Martins-Brivens et al. (2021)
reached the conclusion that children with emotional
behavioral disorders had a faster response to the test
of active memory and concentration after receiving
neurofeedback treatment, and their EEG pattern
improved; according to this finding, neurofeedback
treatment improves the EEG pattern and increases
memory performance in these children.

One of these methods is transcranial stimulation of
the brain using direct electric current (TDCS).
Transcranial direct electrical stimulation is a non-
invasive and safe treatment method to change the
excitability of the cerebral cortex, which modifies the
abnormal activity of certain areas of the brain in order
to reduce the pathological symptoms. in this method,
direct electric current with low intensity is induced to
modulate neural activity and cause spontaneous
stimulation or inhibition of the activity of certain
parts of the cerebral cortex (Green et al., 2020). In
recent years, this treatment method has been used in
various fields, especially the improvement and
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promotion of brain functions, and it has had favorable
results. Among these researches, we can mention the
following: improving the status of the executive
functions of children and adults (Breitling et al.,
2019), improving the cognitive flexibility and
behavioral inhibition of children (Arshdi et al., 2023),
improving the executive and emotional actions of
children. suffering from a specific learning disorder
(Arafanian et al., 2019) and improving students'
attention and response inhibition skills (Kerimi et al.,
2022). In this regard and based on the searches, no
internal or external research was found regarding the
comparison of the effectiveness of direct transcranial
electrical stimulation of the brain and neurofeedback
on the improvement of the emotional and behavioral
level of children suffering from enuresis. Research on
this variable can lead to the discovery and
identification of ways by which the health level of
children suffering from enuresis can be improved. It
also helps to enrich the theoretical and practical
foundations of the subject. Therefore, the current
research seeks to answer this question: Is there a
significant difference in the effectiveness of
transcranial direct electrical stimulation of the brain
and neurofeedback on the emotional disorders of
children with enuresis and which treatment approach
IS more effective?

Method

The current research was quasi-experimental with a
pre-test-post-test design with a control group and with
a two-month follow-up. The statistical population of
this research was all children suffering from enuresis
who referred to educational counseling centers in the
5th district of Tehran in 2021. The research sample
was of a targeted type and included 60 people (20
people for each group). The data was analyzed using
SPSS version 26 software and using mixed variance
analysis test.

Behavioral Emotional Disorder Questionnaire:
This was designed by Rutter (1991) for children and
has 30 questions. Parents consider the child's
behavior in the last 12 months without special tools
and answer the necessary materials. The range of
scores was 0 to 60. Rutter reported a high agreement
percentage of 0.75 in an experiment he conducted on
91 children and used a psychiatric questionnaire
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along with an emotional disorders' questionnaire.
Rutter and Cox (1975) reported the retest reliability
and internal reliability of this questionnaire with a
two-month interval of 0.74. Also, Ashuri and
Delalzadeh Begdeli (2017) reported the reliability
and validity of this scale as 0.70 and 0.78,
respectively (quoted from Aghaei Nejad et al., 2019).
Cronbach'’s alpha was calculated as 0.88.
Transcranial electrical stimulation: Transcranial
electrical stimulation (tDCS) is a non-invasive
method that uses a weak current (1 to 3 mA) to apply
to the scalp. Since the direct current with discrete
impulses is polarizing and not stimulating, its activity
does not directly lead to the firing of action potentials
in cortical neurons. This current increase (anodic
stimulation) or decreases excitability (cathodic
stimulation) of different brain areas. these changes
can be adjusted by the intensity of the input current,
the duration of each session and the place where the
electrode is placed. There are two methods of
applying these changes: online, where there is a
change in cognitive activity when applying electric
current, and offline, where a change in cognitive
activity occurs after increasing or decreasing the
current. Brain stimulation has its own protocol for
different people, which includes areas of stimulation
and inhibition, amount of current and specific
duration. The implementation of the desired protocol
is such that each participant attended 20-minute
sessions, three times a week, and a total of 10
treatment sessions (Mehrvali et al., 2023).
Neurofeedback: During the exercise, a pair of
electrodes are placed on the head and usually one or
two electrodes are attached to the earlobe. For
neurofeedback intervention, a four-channel Vilistus
device made in England and Biosys software, which
was developed in cooperation with Iran, England and
America, and installed on a laptop, were used. Each
of the subjects received 20 neurofeedback sessions
twice a week. The location of the electrodes on the
head of all subjects was the same. The active
electrodes of these sessions were placed on the cpz
and fcz areas. The reference electrode was placed in
the mastoid region. The beta/theta program was used
for all subjects and these sessions aimed to increase
beta waves and decrease theta waves. One point was
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given to the person when the subject could produce a
rising beta wave (15-18 Hz) or a low beta wave (12-
15 Hz) above the set threshold and a decreasing theta
wave (4-7 Hz) for 0.5 seconds. and keep high beta
(20-30 Hz) below the threshold. This score is visually
(on the game screen), score (recorded on the
computer screen) and voice feedback to the subject.
This process continued until the end of each session
(Ali Rezaei Sharif et al., 1341).

Results

15 of the participants (25%) at the age of 7 years old,
16 of the participants (26%) at the age of 8 years old,
15 of the participants (25%) at the age of 9 years old,
14 of the participants (24%) were 10 years old. Their
average age was 2.8. 53.7% of the participants were
male and 46.3% of the participants were female. In
the control group, the average scores in the post-test
compared to the pre-test stage do not show much
change, but in the experimental groups, we see a
significant change in the post-test stage compared to
the pre-test stage. The results of Table 2 show that in
relation to the intragroup factor, the F value
calculated for the effect of the steps (pre-test, post-
test and follow-up) is significant at the 0.05 level for
all components (P< 0.05). As a result, there was a
significant difference between the average scores of
pre-test, post-test and follow-up scores of emotional-
behavioral disorders in the three stages of pre-test,
post-test and treatment follow-up. According to the
results of the table regarding the interaction of the
factors of the steps and the group, the F value
calculated for the effect of the steps (pre-test, post-
test and follow-up) between the two groups of neural
feedback and transcranial electrical stimulation at the
level of 0/05 for the scores of all components. is
significant (P> 0/05). As a result, there is a significant
difference between the average scores of pre-test,
post-test and follow-up scores of emotional and
behavioral disorders in two groups. In order to
investigate the difference between the means in the
treatment stages, the Bonferroni follow-up test was
used and the results showed that there is a significant
difference between the scores of emotional and
behavioral disorders in the stages of pre-test and post-
test, pre-test and follow-up.
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Table 1. The results of mixed analysis of variance to investigate the effect of group and measurement time on emotional disorders

variable statistical index Df MS F Significance Eta

. Within-subject 44.08 2 26.68 38.71 0.001 0.40

Pl Within-subject * group 2236 2 677  9.82 0.002 0.26
between groups 90.71 42 4536 15.12 0.001 0.35

Within-subject 42.03 2 25.06 21.07 0.002 0.27

Anxiety and depression Within-subject * group 13.49 2 4.82 13.56 0.002 0.31
between groups 62.40 42 3120 1559 0.001 0.35

Within-subject 52.54 2 3757 27.74 0.001 0.33

Social incompatibility Within-subject * group 7.57 2 4.28 1.90 0.001 0.46
between groups 62.37 42 3118 8.27 0.001 0.37

Within-subject 117.85 2 58.93 35.10 0.001 0.76

Antisocial behaviors Within-subject * group 96.38 2 48.19  29.57 0.001 0.70
between groups 89.04 42 4452 1371 0.001 0.51

Within-subject 127.97 2 63.96  38.95 0.001 0.64

Lack of attention Within-subject * group  101.47 2 50.74  30.16 0.001 0.61
between groups 91.12 42 5311 1648 0.002 0.49

Table 2. Bonferroni test to investigate the interaction between the group and the time on emotional disorders

variable group difference of means  standard error  significance  lower limit  upper limit
Neurofeedback TDCS 3.26 3.01 0.001 6
control 12.35 2.45 0.001 2
TDCS control 9.27 3.76 0.001 -3

Also, there is no significant difference between the
scores of emotional disorders in the post-test stage
compared to the follow-up stage, so the scores of
emotional disorders in the follow-up stage did not
change significantly compared to the post-test stage.
Considering the positivity of the average differences
and the fact that the average of the neurofeedback
group was higher than the transcranial electrical
stimulation group, it can be concluded that the
neurofeedback treatment was more effective on the
emotional disorders of children with enuresis.

Conclusion

The present study was conducted with the aim of
comparing the effectiveness of neurofeedback and
transcranial electrical stimulation on emotional
disorders of children with enuresis and the results
showed that both treatment methods were effective on
children's emotional disorders and neurofeedback
treatment was more effective. The findings of this
research with the results reported by other researchers
including; Karbalai et al. (2023), Rezaei Sharif et al.
(2023), Yazdan Bakhsh and Moradi (2023), Ebrahimi
Jozani et al (2022). It should be said that neural
feedback is capable of helping the brain through brain
training and the principles of operant conditioning to
reduce abnormal waves and increase desirable waves,
and in general to correct brain function patterns.
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Normally, the child is not able to significantly affect
the activity of his brain waves, because he is not
aware of it. But when he is able to have
representations of his brainwave activity on the
computer screen with an interval of a few thousandths
of a second after its occurrence, it will be possible to
modify  brainwave patterns through active
conditioning (Fattahi Andabil et al., 2019).

It can be argued that electrical stimulation of the brain
on the cerebellum and motor cortex areas of the brain
increases the level of excitability of brain cells,
accelerates the process of neural flexibility, and leads
to the improvement of the learning process. It
becomes a movement and subsequently affects the
emotional and behavioral function. In addition,
during learning, functional and structural changes
occur in some neural networks such as ml and
DLPFC and change the behavioral and neural
relationships related to emotional learning. The
beneficial effects of transcranial direct electrical
stimulation on learning are related to the
strengthening of these neural networks and the
improvement of cellular-physiological changes that
occur with exercise or the increase of stimulated
neurotransmitters and by improving the parameters
that increase the excitability of the motor cortex,
facilitate behavior and emotion. Another effect of
transcranial direct electrical stimulation is the
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increase in BDNF levels as a result of stimulation,
which can help store neural potential and improve
new learning. The last possible effect of transcranial
direct electrical stimulation is the positive effects of
stimulation due to the improvement of coding
processes in the frontal cortex, which is one of the
important effects of training and therapy sessions
during learning during treatment. In this regard, the
researchers concluded in a review study that the
research results provide preliminary evidence that
tDCS has effect on cognitive processing speed, mood
disorder and fatigue in patients. However, the effects
on cognition and fatigue differ based on the specific
assessment used (Hsu et al., 2021).

Among the limitations of the current research, we can
mention the special conditions of the corona outbreak
and the possible stress of the participants while
receiving the intervention. Also, the wearing of masks
by the participants may have caused tension and
restlessness for some of them and generally reduced
the effect of the intervention, and the researcher's lack
of control over the possible mental or physical
exercises of the task outside the intervention sessions,
despite giving the necessary warnings in this The case
pointed to them. This basis is suggested in the future
of this research It should be done under normal
conditions and away from the stress of the
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participants. Since the results of transcranial electrical
stimulation from the DLPFC area can be transferred
based on the level of stress, these results have special
applications in children's nocturnal enuresis, where
the emotional behavioral aspect is under the mutual
influence of psychological and physiological stress.
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